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ABSTRACT 
Recent evidence indicates that the Positive Contrast 
Effect (PCE) is dependent upon a temporal interval that is 
maximal for the Frustration Effect (FE). These data suggest 
that PCE and FE may be indicative of the energizing function 
of frustrative nonrevard or nonzero reward reductions, while 
the Negative Contrast Effect (NCE) may be indicative of the 
inhibitory function of frustration (e.g., Amsel, 1958, 1962). 
If this is true, then a) it should be possible to provide a 
within-S demonstration of NCE, PCE, and FE, and b) factors 
that influence the development of FE should influence the de­
velopment of PCE. 
Bats (N = 60) were divided into 5 groups (20-0, 20-4, 
20, and 0) and given 192 discrimination trials in a 
modified double-alley runway. S- trials were either long-
signalled or short-signalled, ss were given 4 trials per 
day; the intertriai interval (XTI) between Trials 1 and 2 and 
between Trials 3 and 4 was 20 seconds, while the ITis between 
Trials 2 and 3 and between Trials 4 and 1 were 20 minutes and 
24 hours, respectively. In Phase 1, start, run, and goal 
speeds in the alley were recorded; postreward activity over 
three consecutive 5-second intervals was recorded. In Phase 
2 (the last 48 trials), hurdle-jumping replaced activity. 
The data showed NCE, PCE, and FE in the same S; NCE and 
PCE occurred in the start measure, while FE occurred in both 
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the activity measures and the hurdle-jump measure. Although 
PCE did occur under conditions maximal for FE (i.e., in the 
start data on S+ trials after S- trials at short ITI), PCE 
did not vary as a function of reward magnitude. It was sug­
gested that differences in the tasks used to measure FE and 
PCE may have obscured magnitude effects, otherwise, the 
results of the study were interpreted as consistent with 
Amsel's (1958, 1962) Frustration hypothesis. 
1 
INTRODUCTION 
Crespi (1942) reported the results of a series of exper­
iments which showed that rats given rapid shifts in rein­
forcement magnitude evidenced rapid shifts in performance. 
In one experiment, Ss were given 18 training trials to reward 
magnitudes of either 16, 64, or 256 food pellets; all Ss were 
then shifted to 16 pellets. In a second experiment, Ss were 
trained to run to either 1 or 4 pellets, followed by a shift 
to 16 pellets for all Ss. The data indicated that gs shifted 
from large reward to small reward showed a rapid decrement in 
performance to a level below that of Ss consistently given 
small reward, while §s shifted from small reward to large 
reward showed a rapid increase in performance to a level 
above that of nonshifted large-reward gs. Crespi (1942) con­
cluded that he had demonstrated a "depression" and an 
"elation" effect, respectively, similar data were obtained 
by Zeaman (1949). 
In the current literature, the "depression" and 
"elation" effects found by crespi (1942) and Zeaman (1949) 
are referred to as "Contrast Effects" (CE). Specifically, if 
a response to one level of reward is depressed because of S*s 
experience with a similar but larger reward magnitude, then a 
Negative Contrast Effect (NCE) is said to have occurred. If 
a response to a particular reward magnitude is enhanced as a 
result of experience with a smaller reward magnitude, then a 
2 
Positive Contrast Effect (PCE) is said to have occurred. 
Studies of CE have employed two basic experimental 
paradigms (Black, 1966). In the successive-CE paradigm, Ss 
are trained to one reward magnitude, then shifted to a larger 
or smaller reward magnitude during a postshift phase. In the 
simultaneous-CE paradigm, Ss are trained to two or more 
reward magnitudes in some randomly mixed order from the 
outset of training; differential cues signal differential 
reward magnitudes. Simultaneous CEs have been investigated 
in both the differential-conditioning apparatus and the 
double-alley runway. 
Recent evidence on PCE in simultaneous lifferential-
condtioning studies (Fox, Calef, Gavelik, & McHose, 1970; 
HcHewitt, Calef, Maxwell, Meyer, G McHose, 1969) and in 
double-alley runway studies (Daly, 1968; Karabenick, 1969) 
indicates that the conditions appropriate for demonstrating 
PCE are highly similar to the conditions appropriate for 
• demonstrating a well-established double-alley runway phenome­
non, the Frustration Effect (FE). FE is defined as an in­
crease in performance in those portions of an apparatus 
(e.g., double alley runway) that follow the locus of reward 
omission or reduction (Amsel & Roussel, 1952; MacKinnon & 
Amsel, 1964; McHose, 1963; Patten, Hendricks, & Willis, 1971; 
Wagner, 1959). Both PCE and FE are apparently maximized when 
small-reward trials follow large-reward trials with short 
3 
(30-45 seconds) intertrial interval (ITI). These data sug­
gest that both PCE and FE may be indicative of the energizing 
function of frustrative nonrevard (Amsel, 1958, 1962) or 
nonzero reward reductions (Bower, 1961, 1962; Patten, 1971). 
NCE has been found to vary as a function of the magni­
tude of the preshift reward (e.g., DiLollo & Beez, 1966) and 
of the magnitude of the difference between reward magnitudes 
on S* and S- trials (Bower, 1961; Hatsumoto, 1969). In addi­
tion, Amsel and Ward (1965) reported the results of a series 
of studies that showed that discrimination learning is 
enhanced as the conditions for the elicitation of frustration 
in S- is maximized. The data are consistent with Amsel*s 
(1956, 1962) Frustration hypothesis, and suggest that NCE may 
be indicative of the inhibitory function of frustrative 
nonrevard or nonzero reward reduction. If this is the case, 
it may be possible to account for NCE, PCE, and FE in 
simultaneous differential conditioning in terms of a single 
explanatory mechanism: nonreward- or reward reduction-
produced frustration. 
Recent reviews of 
CE (Black, 1968; Dunhan, 1968) have concluded that NCE is a 
reliable phenomenon. NCE has been regularly found with the 
successive-CE paradigm (Czeh, 1954; DiLollo & Beez, 1966; 
Gonzalez, Gleitman, & Bitterman, 1962; Spence, 1956) and with 
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the sinaltaneous'CE paradigm, both in the differential-
conditioning situation (Bower, 1961; Glass S Ison, 1966; 
Ludvigson 5 Gay, 1967; Hatsumoto, 1969) and in the double-
alley runway (DiLollo S Allison, 1970; Hall & Harr, 1969; 
Karabenick, 1969; McHose 5 Ludvigson, 1965). 
Bower (1961) proposed that NCE could be understood in 
terns of Ansel's (1958, 1962) Frustration hypothesis as a 
conflict between fractional anticipatory reward responses 
(x^) and fractional anticipatory avoidance responses {tf), 
Ansel postulated that nonreward in the presence of cues 
signalling reward results in primary frustration (Rg,), an 
aversive motivational state that (a) inhibits responses that 
lead to the frustrative event, and (b) energizes responses 
that follow (or lead away from) the frustrative event. Ansel 
further postulated that r^ becomes conditioned to cues (s^) 
that are associated with and moves forward in time or 
P 
backward along the instumental chain to affect earlier por­
tions of the instrumental response. Bp is assumed to be de­
pendent upon the existence of r^, and r^ is assumed to depend 
upon the magnitude of reward and the number of rewarded 
trials. Bower (1961) extended Ansel's analysis to include 
within the class of frustrative events the occurrence of 
reward magnitude smaller than that appropriate to the ongoing 
r^-amplitude. 
* 
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One implication of the assumed relationship between tj, 
and Bp is that the magnitude of NCE should be a function of 
the preshift reward magnitude. In a successive-CE design, 
DiLollo and Beez (1966) gave five groups of rats 20 training 
trials to reward magnitudes of either 1, 2, 4, 8, or 16 food 
pellets, respectively. All Ss were then shifted to 1 pellet 
for 14 additional trials. The data showed that NCE did 
occur, and that its magnitude was a direct function of the 
difference between pre- and postshift reward magnitudes. 
Similar data were reported by Gonzalez, Gleitman, and 
Bitterman (1962) and by OiLollo (1964). 
Hatsamoto (1969) found that NCE in a simultaneous-CE 
paradigm is a function of the magnitude of the difference be­
tween S+ and S- reward magnitudes, six groups were trained 
in a differential-conditioning apparatus with S+ and S-
rewards being, respectively, 25-25, 25-5, 25-1, 5-5, 5-1, and 
1-1. The data showed that performance in s- was inversely 
related to reward magnitude in S+; that is, NCE occurred. 
Thus, the data from both successive-shift studies (e.g., 
DiLollo S Beez, 1966) and simultaneous-shift studies (e.g., 
Hatsumoto, 1969) support Amsel's (1958, 1962) assumed rela­
tionship between r^ and Rp. Further evidence for the role of 
the assumed Inhibitory mechanism (i.e., r^) was provided by a 
series of studies by Spear and Spitzner (1966). In those 
studies, stimuli signalling both S» and S- were available at 
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the choice-point of a T-maze on any given trial, although the 
responses were forced. NCE vas found to be strongest in 
speeds measured from the point at which the discriminative 
stimuli were first available. A similar result was reported 
by Ludvigson and Gay (1967). if the stimuli were present in 
the startboxes, the measure of the time to orient to the 
startbox door showed the greatest amount of NCE. If the 
stimuli were present in the segment of the alley immediately 
beyond the startbox door, then speeds in that segment of the 
alley showed the greatest amount of NCE. These data are con­
sistent with the inhibitory function ascribed to frustrative 
nonreward or reward reduction. 
Evir^ence for pc^. Several studies have failed to pro­
vide evidence for PCE in either successive-CE designs (Ashida 
& Birch, 1964; Czeh, 1954; DiLollo, 1964; Schrier, 1967; 
Spence, 1956) or simultaneous-CE designs (Bower, 1961; 
Hatsumoto, 1969; Spear S Hill, 1965; Spear 5 Spitzner, 1966) . 
Bower (1961) suggested that one reason for the failure 
to find PCE may be that a "ceiling effect" is occurring in 
the control group. That is, the control group, against which 
PCE is assessed, may be performing at an upper physiological 
limit at the time of the shift. Attempts to prevent speeds 
from reaching ceiling through the use of delay of reinforce­
ment have resulted in PCEs in successive-shift paradigms 
(Hellgren, 1970, 1971; Shanab, Sanders, & Premack, 1969). 
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Recent data from differential-conditioning studies (Fox, 
Calef, Gavelik, & McHose, 1970; HcHewitt, Calef, Maxwell, 
Meyer, & McHose, 1969) and from double-alley runway studies 
(Daly, 1968; Karabenick, 1969) have shown PCE when the 
intertriai interval between S- and S+ trials and between 
and Ag trials, respectively, is less than 30-45 seconds. 
HcHewitt et al. (1969) gave two groups of rats 108 trials; 
one group received 8 pellets in S+ and 1 pellet in S-, while 
a control group received 8 pellets in both alleys. Four 
trials per day were given in which the order of reward pre­
sentations for the discrimination group was 1, 8, 1, 8, etc., 
on each day. The ITI between trials 1 and 2 and between 
trials 3 and 4 was 8 seconds, while the ITI between trials 2 
and 3 and between trials 4 and 1 was 8 minutes and 24 hours, 
respectively. The data showed that discrimination Ss ran 
faster in S+ than did the control Ss; that is, PCE occurred. 
Fox et al, (1970) conducted two experiments to assess 
whether the McHewitt et al. (1969) PCE was a function of the 
short ITI or of the order of reward magnitude presentations. 
In the first experiment, gs were given four trials per day; 
the order of reward presentations for the contrasted group 
was 1, 10, 1, 10, etc. The ITI was 5 minutes. Under these 
conditions, PCE did not occur. In fact, the s+ performance 
of the contrasted group was depressed relative to the per­
formance of the 10-pellet control group, a finding similar to 
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that obtained by Bower (1961) and by Matsuaoto (1969). In 
the second experiment, the order of reward presentations was 
randomized within each block of four trials. The ITI between 
trials 1 and 2 and between trials 3 and 4 was 15 seconds, 
while the ITI between trials 2 and 3 and between trials 4 and 
1 was 8 minutes and 24 hours, respectively. The results 
showed that PCE occurred, but only on the S+ trials that fol­
lowed s- trials at short ITI. That is. Group 10-1 ran faster 
than Group 10-10 in S+ only when the preceding trial was a 
1-pellet trial and the ITI was 15 seconds. It appears that 
the length of the ITI is the crucial factor rather than the 
events occurring during the ITI (e.g., handling) since 
handling was required in moving S from one alley to another. 
Daly (1968), in the double-alley runway, showed that Ss 
reduced from 15 pellets to 1 or 0 pellets in ran A2 faster 
to 6 Bg pellets than did §s that always received 6 pellets in 
both B^ and S^. Since the control group did not show a 
demotivation effect (i.e., it ran as fast in Ag in )» 
the data indicate a facultative effect (i.e., PCE). Simi­
larly, Karabenlck (1969) showed that gs receiving 1 and 15 
pellets in B^ and Eg, respectively, ran Ag faster than did a 
15 pellet control group. Again, the fact that the 15-pellet 
control group did not differ from a 1-pellet control group 
indicates response facilitation in the contrasted Ss. 
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The Frustration Effect. The conditions appropriate for 
demonstrating PCE in differential conditioning and in double-
alley runway studies are highly similar to the conditions ap­
propriate for the occurrence of the Frustration Effect (FE) 
in the double-alley runway. FE is defined in terms of 
greater vigor of performance after nonreward trials than 
after reward trials (Amsel 6 Roussel, 1952), and has been 
assessed in terms of running speeds (e.g., Amsel S Roussel, 
1952; McHose, 1963; Wagner, 1959), open-field maze activity 
(e.g., Gallup & Altomari, 1969), stabiloneter activity (e.g.. 
Patten, 1971; Patten, Bible, 6 Hendricks, 1971; Patten, 
Hendricks, & Willis, 1971), and hurdle-jump latencies (e.g., 
Wagner, 1963; Daly, 1969). 
Seward, Pereboom, Butler, and Jones (1957) argued that 
the difference in the Ag speeds following reward and 
nonreward in B^ may be due to a decrease in drive on the 
reinforced trials rather than to an increase in drive on the 
nonreinforced trials. To test this hypothesis, Wagner (1959) 
included a control group that was never rewarded in B^« 
Wagner's data showed that experimental gs ran A2 faster fol­
lowing B^ nonreward than following B^^ reward (i.e., FE). In 
addition, expérimental gs ran Ag faster after nonreward than 
did the control Ss. McHose (1963) also found that shifted Ss 
ran Ag faster after B^^ nonreward than did nonrewarded con­
trols. HcHose labelled the between-groups difference in A g 
10 
performance as "Effective Frustration" (EF). 
Bower (1962) extended Ansel's (1958, 1962) frustration 
analysis of FE to nonzero reward reductions. Bower assumed 
that if a positive relationship exists between r^ and Bp, and 
if E is a function of the size of the reward, then the mag-
T 
nitude of FE should be a function of the size of the discrep­
ancy between the expected and the obtained reward. His data 
showed that when Ss were trained to run to U WS-mg. pellets 
and then given trials to either 3, 2, 1, or 0 pellets, the 
magnitude of the FE increased as the magnitude of the reward 
reduction increased. Hall and Marr (1969) found FE with 
reward reductons from 6 to 3 45mg. pellets. Patten (1971) 
has found both FE and EF with nonzero reward reductions. 
MacKinnon and Amsel (1964) found that the magnitude of 
FE (measured in terms of Ag cunning speed) was significantly 
decreased as the length of a detention interval in B^ was in­
creased, The FE following 3- and 15-secoad detention was 
significantly greater than the FE following a 90-second 
detention. Ho difference was found between the FEs after 3 
seconds of detention and 15 seconds of detention. These 
data, and similar data by Robinson and Clayton (1963), indi­
cate that frustration dissipates, and is greatly attenuated 
by 90 seconds. 
Ihg_Wâlioasl^E_getwesii_TgÇE^_PÇE*_and_FE. The data on 
NCE are consistent with Amsel's (1958, 1962) Frustration 
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hypothesis, and may be viewed as indicative of the inhibitory 
function of frustrative nonrevard or nonzero reward redac­
tion. Similarly, since PCE in the simultaneous-CE paradigm 
is dependent upon a temporal interval that is also maximal 
for FE, it is suggested that both PCE and FE are indicative 
of the energizing function of frustrative nonreward of 
nonzero reward reduction. 
If RCE, PCE, and FE can be accounted for by a single 
explanatory mechanism (i.e., frustration), then two hypothe­
ses suggest themselves. First, factors influencing the mag­
nitude of FE should also influence the magnitude of the PCE. 
The magnitude of FE has been shown to be a function of the 
magnitude of reward (Krippner, Endsley, & Tacker, 1967; 
Peckham B Amsel, 1964, 1967) and the number of rewarded 
trials (Patten t Meyers, 1970; Stimmel Z Adams, 1969; Yelen, 
1969). If PCE is an aspect of FE, then the magnitude of PCE 
should be a function of the magnitude of reward and the num­
ber of training trials. Specifically, §s given discrimina­
tion training to 20 and 0 pellets should exhibit a greater 
PCE (and FE) than should gs trained to 20 and 4 pellets. In 
addition, PCE and FE should develop at the same rate over the 
course of trials. 
The second hypothesis is that it should be possible to 
demonstrate NCE, PCE, and FE in the same subject. Two meth­
odological difficulties must be overcome, however. 
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First, an assumption of Frustration theory (Amsel, 1958, 
1962) is that, in discrimination situations, nonrevard or 
nonzero reward reductions in S- cease eliciting frustration 
once the discrimination is formed. That is, s- elicits only 
r^; since nonrevard or nonzero reward reduction is assumed to 
be frustrating only in the presence of r^, the magnitude of 
FE should decrease once the discrimination is learned. Sup­
port for this assumption has been provided (Amsel 6 Ward, 
1965)• Since HCE is expected to be strongest after the dis­
crimination is learned, the conditions maximal for 
demonstrating VCE may preclude the occurrence of FE (and con-
seguently, PCE). Further evidence supporting this suggestion 
was provided by Fatten, Bible, and Hendricks (1971). They 
found that §s exhibited greater FE (measured in terms of 
postrevard activity and running speeds) folloving short-
signal S- trials than folloving long-signal S- trials, indi­
cating that frustration-dissipation may be occurring in S-
(MacKinnon 8 Amsel, 1964; Robinson 6 Clayton, 1963). To pro­
vide the maximal conditions for demonstrating vithin-g NCE 
and FE, it may be necessary to employ both long- and short-
signal S- trialsÎ NCE should be strongest on long-signal S-
trials, while FE (and PCE) should be strongest folloving 
short-signal S- trials. 
Th'î seccîiî! sethodoioaical difficulty concerns the behav­
ior of control gs. Daly (1968) found evidence for possible 
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CE in control groups in the double-alley runway, thereby pre­
venting an accurate assessment of the energizing effects of 
reward manipulations. These possible CEs could be 
eliminated by employing activity measures (e.g.. Patten, 
1971; Patten, Bible, G Hendricks, 1971; Patten, Hendricks, S 
Willis, 1971) and hurdle-jump latencies (Wagner, 1963; Daly, 
1969) instead of Ag running speeds. 
These methodological difficulties can be overcome by 
employing a modified double-alley runway similar to that used 
by Patten, Bible, and Hendricks (1971). Such an apparatus 
provides the potential for measuring NCE, fE, and PCE in the 
same S. The runway provides the opportunity to measure both 
HCE on S- trials and PCE on S+ trials. Frustration 
dissipation can be controlled by signalling s- trials either 
in the startbox (long signal) or in the goalbox (short-
signal) on different trials. FE can be assessed in terms of 
postrevard activity and hurdle-jumping. 
The use of postrevard measures has two distinct advan­
tages. First, FB can be measured on the trials immediately 
preceding those on which PCE is assessed in S+. Since PCE 
occurs in differential conditioning (Fox et al., 1970; 
HcHewitt et al., 1969) and double-alley studies (Daly, 1968; 
Karabenick, 1969) only when the ITI between S- and S+ trials 
is short (e.g., 30-45 seconds), goalbox activity (FE) and 
subsegaent faster speeds (PCE) should be strongest when a 
m 
short-signal S- trial occurs, followed by a S+ trial after 
short ITI, respectively, 
second, the use of hurdle-jump latencies provides a sit­
uation in which the same response defines both EF and PCE. 
Faster hurdle-jump latencies after nonrevard or nonzero 
reward reduction in contrasted groups than in nonreward or 
small-reward control groups defines EF (Daly, 1969). Simi­
larly, in CE studies employing negative stimulation (e.g., 
shock), PCE is defined as faster escape by contrasted Ss 
after the more aversive of two stimuli than by control Ss who 
always experienced the more aversive stimulus (e.g.. Black, 
Adamson, 6 Sevan, 1961). Frustration theory (Amsel, 1958, 
1962) assumes that nonreward or nonzero reward reduction is 
aversive. Thus PCE would be demonstrated in hurdle-jump 
latencies if contrasted §s jumped faster after s- trials than 
did their appropriate control Ss. Since frustration may at 
least partially dissipate on long-signal s- trials (e.g.. 
Patten R Bible, 1971), hurdle-jump latencies are expected to 
be faster following short-signal S- trials than following 
long-signal S- trials. 
15 
METHOD 
Snbiects. The Ss were 60 male hooded rats of the Wistar 
strain, approinately 120 days old at the start of the experi­
ment. They were housed in individual living cages and main­
tained on aâ lib. water. Ss were reduced to 80% of their 
normal body weight, and maintained at that weight throughout 
the experiment. 
Apparatus. The apparatus employed in this experiment 
was a modified double-alley runway consisting of a runway, a 
jiggle-type electronic activity platform, and a one-way 
hurdle-jump. 
The runway (I^) section of the apparatus was 1.54 m. 
long X 10 cm. wide x 20 cm. high. The first 30 cm. 
constituted the startbox, which was separated from the rest 
of the alley by a sliding door. opened through a sliding 
door into a goalbox (B^^) that was 30 cm, long x 30 cm. wide x 
10 cm. high. A measuring spoon attached to a moveable wood 
block was presented through a small opening in the wall oppo­
site the door separating from A^, and was used to present 
reward in B^. A jiggle-type electronic activity recording 
device (Lafayette Co.) provided the floor of B^^. Both A^ and 
B^ were painted flat black and were covered with hinged sec­
tions of 1/4-inch sanded plexiglas. 
The startbox door controlled the start of each trial and 
activated a microswitch connected to a Hunter Klockcounter* 
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Photobeaos connected to photo-relays and Hunter Klockcounters 
were located in & 15.3 cm. and 1.22 m. from the startbox 
door, and measured start and run speeds, respectively. A 
third photobean vas located in in such a manner that pre­
sentation of the food cup interrupted the photobeam; thus, 
goal speeds were measured. 
The hurdle jump section of the apparatus consisted of a 
startbox (i.e., and a goal box (B2) which vas attached to 
B^ . B|^  and Bg were separated by a door (15 cm. high x 12 cm. 
vide) vhich rested on a 5 cm. hurdle and opened in an upward 
direction. Bg was 36 cm. long x 20 cm. vide x 20 cm. high; 
it was painted flat gray, and had a vire-mesh top. Raising 
the door started a Hunter Klockcounter, and depression of the 
hinged floor of Bg stopped the clock, measuring hurdle-jump 
latencies. 
Three 6 v. lights signalled and s- trials, one light 
was attached to the plexiglas top of the startbox 2 cm. from 
the startbox door. The second light vas attached to the 
plexiglas top of 70 cm. from the startbox door. The third 
light was mounted 6 cm. above the foodcup in B^ . A six-
position toggle switch permitted counterbalancing of S-
signals. Positions 1 and 2 were used for long-signal S-
(S-%,) trials; opening the startbox door turned the lights on 
or off, respectively. Positions 3 and 4 were used for short-
signal S- (S-g) trials; the lights came on, or went off, re­
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spectively, .5 seconds after the interruption of the 
photobean at the end of A]^ . Positions 5 and 6 signalled S+ 
trials; the lights remained on or off, respectively, 
throughout the trial. 
Procedure. Two weeks prior to the first day of runway 
training, handling and habituation to the apparatus were 
started. Each S was handled daily. During the last 7 days, 
gs were allowed to explore the entire apparatus, in pairs, 
for 5 minutes each day. i 
gs were randomly divided into two discrimination groups 
and three control groups, and were given a total of 192 
trials in the modified double-alley runway. Groups 20-0 and 
20-4 were given 20 45-mg. Noyes food pellets on all Si-
trials, and either 0 or 4 45-mg. pellets, respectively, on 
all S- trials. For half the gs in each contrasted group, S-
was signalled by the onset of the lights; for the remaining 
gs, light Qf^ qe^  signalled S-. Group 20, Group 4, and Group 
0 served as controls, and received 20, 4, or 0 45-mg. 
pellets, respectively, on all trials. On half of the trials 
for half the gs in each control condition, opening the 
startbox door or interrupting the photobeam at the end of A^  
turned on the lights; for the remaining gs, opening the 
startbox door or interrupting the photobeam turned off the 
lights. 
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On the first 2 days of Phase 1 and the first 2 days of 
Phase 2g §s were given 2 trials per day. Otherwise, each §, 
was given <t trials per day. Trials 1 and 2 and Trials 3 and 
4 were run as couplets. The ITI between Trials 1 and 2 and 
between Trials 3 and 4 was 20 seconds (short ITI). The ITIs 
between Trials 2 and 3 and between Trials 4 and 1 were 20 
minutes and 24 hours, respectively (long ITI)• Reward magni­
tudes were varied according to repetitions of the following 
6-day sequence: S+S+S-S-; S-S+S+S-; S+S-S+S-; S+S-S-S+; 
S-S+S-S+Î S-S-S+S+. Individual gs in each group were 
randomly assigned different starting orders in the sequence. 
Within a block of 48 trials, each s- trial type (i.e., 
S-ji&nd s-g) occurred three times in each trial position. On 
two of those occasions, the S- trial followed an S* trial; on 
one occasion it followed the other type of s- trial. All S+ 
trials were long-signalled, within each block of 48 trials, 
an s+ trial occurred six times in each trial position; it 
followed an S+ trial twice, a trial twice, and a S-g 
trial twice. 
Phase 1 consisted of the first 144 trials; start, run, 
and goal speeds on both 5* and S- trials were recorded, 
Postreward activity was recorded over three consecutive 
5-second intervals. In Phase 2, gs were given 48 hurdle-jump 
trials immediately following reward or nonreward; start, 
run, and goal speeds in as well as hurdle-jump latencies. 
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were recorded. 
A trial began when g vas placed in the startbox of A^ . 
After a 3-second orientation to the startbox door, the door 
vas opened and § vas allowed to run Ay When g entered 
the door vas closed to prevent retracing. S was immedi­
ately presented with the food cup containing the reward mag­
nitude appropriate for that group and/or the type of trial 
(i.e., S* or S-)• After S had consumed the food pellets, the 
food cup was immediately withdrawn. 
During Phase 1 ,  activity recording began as soon as the 
food cup was removed, and occurred over three consecutive 
5-second intervals. If the next trial was a short-lll trial, 
S was removed from immediately following activity 
recording, and was placed in the startbox of A^  for another 
trial. If the next trial was a long ITI trial, S was re­
turned to its home cage for the appropriate ITI interval. 
During Phase 2, activity recording was replaced by 
hurdle-jump training. Following the removal of the food cup, 
2 was detained in B^  for a minimum of 13 seconds. This in­
terval included a lO-second delay plus a 3-second orientation 
to the B escape door, and was employed to control for dif­
ferential chaining in experimental and control gs (e.g.. 
Patten, 1971). Polowing the delay interval, the B^  exit door 
was raised and g was allowed to j,ttmp the hurdle into 82* If 
S did not jump within 60 seconds, g was removed from Bg. In 
20 
all other respects, the procedure in Phase 2 was identical to 
that in Phase 1. 
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RESULTS 
The start, ran, and goal data, and the hurdle-jump 
data were transformed to logarithms (speed = Log X)• 
Square-root transformations (!*>'« • (Y + 1) */«) were 
performed on the activity data. For purposes of analysis, 
half the S* trials at each trial position and in each combi­
nation with S- trials were treated as short-signal trials, 
thus forming 12 trial types. Following the analyses, S* data 
were recombined. 
The data for start, run, and goal speeds were separately 
analyzed by means of Analysis of variance (AMOVA) for 5 z 2 x 
2x2x12x4 (Groups x S- Signal Type x ITI x Trial Couplet 
X Trial Type x Trial Block) Split-plot Factorial designs. 
Similar AMOVAs were done on each activity measure and on the 
hurdle data; the Trial Block factor for activity data was 
reduced to 3 levels, and was omitted altogether for the 
hurdle analysis. 
AHOVAs of this size present particular computational 
problems even on moderate size modern computers (IBM 360-65). 
This problem was surmounted by carrying out separate analy­
ses on each between group effect and pooling these results to 
obtain the error terms. The means from these separate analy- . 
ses were punched out and an analysis was done. These mean 
squares derived from this latter analysis were analyzed to 
obtain all the remaining effects, of course, they were mul= 
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tiplied by six, the number of animals per group, so that the 
mean squares were all on the same scale. 
start Data. The AHOV& for start data indicated signifi­
cant main effects for Groups, Trial Type, and Trial Block 
(p<.01). Significant interactions (p<.01) were found for 
Groups X Trial Type, Groups x Trial Block, Groups x Trial 
Type X Trial Block, ITI x Trial Type x Trial Block, and for 
Groups X ITI X Trial Type x Trial Block; the ITI x Trial Type 
interaction was significant at p<,05 (see Table 1). 
Neuman-Reuls tests (alpha » .05) showed that Trial Type 
influenced performance only within Groups 20-0 and 20-4. gs 
in those groups started significantly slower on S-^  trials 
than on any other trial type, contrasted groups started 
slower than their respective control groups on Trial Blocks 3 
and 4; the effect also occurred on Trial Block 2, but only 
when the S-_ trial followed a short ITI (see Figure 1). 
L 
Group 20-0 started slower than Group 20-4 on all Trial 
Blocks, Indicating a magnitude effect. 
Neuman-Keuls tests on the Groups x ITI x Trial Type x 
Trial Block interaction also showed that Groups 20-0 and 20-4 
started faster than did Group 20 when an Sf trial followed a 
S- trial at short ITI (see Figure 2). 
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Table 1 
Analysis of Variance: Start Data 
Source at MS F 
Groups (A) 4 91.932 5.958 ** 
S" Signal Type (B) 1 0.237 
AB 4 2.903 
Ss/Groups 50 15.430 
ITT (C) 1 2.840 3.645 
AC 4 0.775 
BC 1 0.221 
ABC 4 0.246 
C X Ss/Groups 50 0.779 
Trial Couplet (D) 1 1.464 2.870 
AD 4 1.113 2.182 
BD 1 0.011 
ABD 4 0.058 
D X Ss/Groupe 50 0.501 
Trial Type (F) 11 1.811 5.680 ** 
AF 44 4.116 12.902 *• 
BF 11 0.072 
ABF 44 0.055 
F X Ss/Groups 550 0.319 
Trial Flock (6) 3 74.602 23,474 ** 
AG 12 13.182 4.147 ** 
BG 3 1.225 
ABG 12 0.327 
G X Ss/Groups 150 3.178 
CF 11 0.790 2.821 * 
ACF 44 0.109 
BCF 11 0.076 
ABCF 44 0.088 
CF X 8f/6roups 550 0.280 
FG 33 0.245 
AFG 132 0.668 2.234 ** 
BFG 33 0.054 
ABFG 132 0.073 
FG X Ss/Groupe 1650 0.299 
CFG 33 0.659 3.379 ** 
ACFG 132 2.232 8.057 ** 
BCFG 33 0.083 
ABCFG 132 0.069 
CFG X Ss/Groups 1650 0.277 
* p <«05 
**p <.01 
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Significant differences were found in Trial Blocks 2 ,  3 ,  and 
4. Group 20-4 started faster on those trials than did Group 
20-0, but the differences were not significant. 
Run Data. The ANOV& for run data shoved significant 
main effects for Groups (p<.05) and for Trial Block (p<.01). 
The Groups % Trial Block interaction vas significant at p<.01 
(see Table 2)• 
Neuman-Keuls tests (alpha = .05) shoved that Group 0 ran 
significantly slower than the other groups, but that the 
other groups did not differ, within-g comparisons shoved that 
Group 20-0 ran slover on S-^  trials than on any other Trial 
Type, indicating within-S NC2. However, Group 20-0 did not 
differ from Group 0 on S-^  trials. Group 20-0 also ran 
faster on S+ trials after S-g trials at short ITI than on any 
other Trial Type, indicating within-s PCE. Again, hovever. 
Group 20-0 did not run faster than Group 20. 
Groups 20-0, 20-4, and 20 did not differ in running 
speed across the four Trial Blocks. Groups 4 and 0, however, 
ran significantly slower on Trial Block 3 than on any other 
Trial Block (set Figure 3}. 
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Table 2 
Analysis of variance: Ran Data 
source at MS F 
Groups (A) 4 33.520 3.582 * 
S- Signal Type (B) 1 1.084 
AB 4 1.843 
Ss/Groups so 9.356 
ITT (C) 0.001 
AC 4 0.175 
BC 1 0.039 
ABC 4 0.051 
C X Ss/Groups 50 0.328 
Trial Couplet (D) 1 0.043 
AD 4 0.054 
BD 1 0.005 
ABD 4 0.064 
D X Ss/Groups 50 0.211 
Trial Type 11 0.107 1.070 
AF 44 0.077 
BP 11 0.069 
ABF 44 0.082 
F X Ss/Groups 550 0.100 
Trial Flock (G) 3 13.943 15.221 ** 
AG 12 5.701 6.223 ** 
BG 3 0.091 
ABG 12 0.243 
G X Ss/Groups 150 0.916 
* p <.05 
**p<.01 
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Goal data. The AHOVA for goal data shoved significant 
effects (p<.01) for Groups, Trial Type, and Trial Block. The 
Groups X Trial Type and Groups x Trial Block interactions 
were significant at p<.01 (see Table 3). 
Neunan-Keuls tests (alpha = .05) showed that Group 0 ran 
significantly slower than all other Groups on all Trial 
Types, and that Group 20-0 ran slower than Groups 20-4, 20, 
or 4 on trials (see Figure 4). Hithin-s comparisons 
showed that Groups 20*0 and 20-4 ran slower on S-^  trials 
than on any other Trial Type; contrasted groups, however, did 
not differ from their respective controls. 
Analysis of the Groups x Trial Block interaction showed 
that Group U ran significantly slower on Block 1 than on any 
other Trial Block. Group 0 ran significantly slower than all 
other groups on Blocks 2, 3, and 4 (see Figure 5). 
Activity 1 Data- The ANOVA for activity 1 data indicat­
ed significant main effects (p<*01) for Groups and Trial 
Type; the Trial Block effect was significant at p<.05. The 
Groups X Trial Type and the Groups x Trial Type x Trial Block 
interaction were significant at p<.01, while the Groups x ITZ 
and the Trial Type x Trial Block interactions were signifi­
cant at p<.05 (see Table 4). 
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Table 3 
Analysis of variance: Goal Data 
source 
.... 
MS F 
Groups (A) 4 84.480 6.137 ** 
S- Signal Type (B) 1 0.003 
AB 4 1.648 
Ss/Groups 50 13.765 
ITT (C) 1 0,339 
AC 4 0.142 
EC 1 0.402 
ABC 4 0.032 
c X Ss/Groups 50 0.818 
Trial Souplet (D) 1 1.125 2.718 
AD 4 0.468 1.002 
BD 1 0.040 
ABD 4 0.022 
D X Ss/Groups 50 0.447 
Trial îype (F) 11 1,653 4.978 ** 
AF 44 0.650 1.957 ** 
BF 11 0.066 • 
ABF 44 0.044 
F X Ss/Groupi 550 0.332 
Trial Flock (G) 3 111.997 51.730 ** 
AG 12 8.662 4.000 ** 
BG 3 1.271 
ABG 12 0.228 
G X Ss/GrouPS 150 2.165 
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Table U 
Analysis of Variance: Activity 1 Data 
source - MS P 
Groups (A) 4 194.003 4.091 ** 
S- Signal Type (B) 1 44.275 
AB 4 8.363 
Ss/Groupi 50 47.411 
ITT (C) 1 5.759 2.326 
AC 4 7.217 2.916 ** 
BC 1 0.745 
ABC 4 0.869 
C X Ss/Groupf 50 2.475 
Trial Couplet (D) 1 0.184 
AD 4 1.720 
BD 1 0.883 
ABD 4 0.898 
D X Ss/Groups 50 2.327 
Trial Type (F) 11 131.177 64.810 ** 
AF 44 48.642 24.132 ** 
BP 11 1.429 
ABP 44 1.455 
F X Ss/Groupt 550 2.124 
Trial Flock (G) 2 20.572 3.512 * 
AG 8 10.879 1.857 
BG 2 9.638 1.645 
ABG 8 6.525 1.114 
G X St/Grottpf 100 5.856 
FG 22 3.831 1.763 * 
AFG 88 5.606 2,579 ** 
BFG 22 2.334 1.074 
ABFG 88 2.463 1.133 
FG X Ss/Groupf 1100 2.173 
* p< .05 
**p< ,01 
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Neuman-Keals tests (alpha = .05) showed that Groups 20 
and 0 were significantly less active, overall, than were the 
other groups. Group 20 was significantly less active than 
Group 0. Group 20 was significantly less active after short 
ITI than after long ITI (see figure 6). 
Between-g comparisons of the Groups x Trial Type x Trial 
Block interaction showed significant EF for Groups 20-0 and 
20-4 on all three Trial Blocks (see Figure 7). Groups 20-0 
and 20-4 were more active than Groups 0 and 4, respectively, 
on both S-g and s-^  trials. Group 20-0 was more active than 
Group 20-4 on S-g trials on Blocks 2 and 3. On S+ trials. 
Groups 20-0 and 20-4 were significantly less active than was 
Group 20 on Blocks 2 and 3. On S+ trials. Groups 20-0 and 
20-4 were significantly less active than was Group 20 on 
Blocks 1 and 2; the three groups did not differ on Block 3. 
Group 4 was more active than the other groups on Blocks 1 and 
3; both Group 4 and Group 0 were more active than the other 
groups on Block 2. 
Within-g comparisons showed that Group 20-0 was more 
active on each Trial Block on S-g trials than on S-%, trials. 
Group 20-4 did not differ on S-g and S-^  trials. Both con­
trasted groups were more active on S- trials than on S+ 
trials, indicating FE. 
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Activity 2 Data. The AHOV& for Activity 2 data showed 
significant main effects for Group The Group z ITI, Group x 
Trial Type, and Group z Trial Type z Trial Block interactions 
were significant at p<.01, while the Group z Trial Block, ITI 
z Trial Position, and Trial Type z Trial Block interactions 
were significant at p<.05 (see Table 5). 
Heuman-Keuls tests (alpha = .05) showed that Groups 20 
and 0 were less active than the other groups (see Figure 6). 
Group 20 was more active than Group 0 after long ITI, but was 
less active than Group 0 after short ITI. Groups 20-0, 20-4, 
and 4 did not differ after long ITI, but Group 4 was signifi­
cantly more active after short ITI. 
Analysis of the ITI z Trial Couplet interaction indicat­
ed that significantly more activity occurred after 20-minute 
ITI than after 24-hour ITI. While the second trial of 
Couplet 1 showed slightly more activity than the first trial 
(p>.05), the second trial of Couplet 2 showed significantly 
more activity than did the first trial. 
Significant PZ and ZP ware found for both contrasted 
groups (see Pigura 6). Group 20-0 and Group 20-4 were more 
active than Group 0 and Group 4, respectively, on both S-g 
and S-j, trials on each Trial Block. Group 20-0 was more 
active than Group 20-4 on S-g trials on Block 2; otherwise, 
performance in Groups 20-0 and 20-4 did not differ. 
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Table 5 
Analysis of Variance: Activity 2 Data 
source « MS F 
Groups (A) 4 214.148 3.050 * 
S- Signal Type (B) 1 46.144 
AS 4 8.711 
Ss/Groups SO 70.210 
ITT (C) 1 4.277 1.520 
AC 4 23.086 8.206 ** 
BC 1 0.102 
ABC 4 1.668 
C X Ss/Groups 50 2.813 
Trial Sbuplet (D) 1 1.666 
AD 4 1.419 
BD 1 1.119 
ABD 4 0.408 
D X Ss/Groups 50 2.891 
Trial ^ pe (F) 11 117.424 48.784 ** 
AF 44 45.626 18.955 ** 
BP 11 1.623 
ABF 44 1.968 
E X Ss/Groups 550 2.407 
Trial Flock (G) 2 1.772 
AG 8 16.254 2.546 * 
BG 2 5.099 
ABG 8 6.614 1.036 
G X Ss/Groups 100 6.383 
CO 1 10.170 5.824 * 
ACD 4 2.526 1.446 
BCD 1 0.004 
ABCD 4 2.734 1.565 
CD X Ss/Groups 50 1.746 
FG 22 3.866 1.596 * 
AFG 88 6.689 2.762 ** 
BFG 22 2.513 1.038 
ABFG 88 1.883 
FG X Ss/Groups 1100 2.421 
* p<,05 
**p< ,01 
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Trial Block interaction. 
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On s+ trials. Groups 20-0 and 20-4 were significantly less 
active than was Group 20 on Blocks 1 and 2, but not on Block 
3. Groups 20-0 and 20-4 vere significantly less active on Si-
trials than on either S-g or trials on each Trial Block. 
The control groups did not differ across Trial Types on each 
Trial Block; however. Group 20 was less active on Trial Block 
3 than on the other Blocks, while Group 4 showed the most ac­
tivity on Block 3. 
Activity 3 data. The àHOVA for Activity 3 data showed 
significant effects for Groups and Trial Block at p<.05, and 
for Trial Type at p<.01. The Groups x ITI, Groups x Trial 
Type, Groups x Trial Block, and Groups x Trial Type x Trial 
Block interactions were significant at p<.01, while the Trial 
Type X Trial Block interaction was significant at p<.05 (see 
Table 6) • 
Neuman-Keuls tests (alpha » .05) showed that Groups 20 
and 0 were less active than the other groups (see Figure 6). 
Group 20 was more active than Group 0 after long ITI, but was 
less active than Group 0 after short ITI. Group 4 was sig­
nificantly more active after short ITI than after long ITI. 
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Table 6 
Analysis of Variance: Activity 3 Data 
source df 
Groups (A) 4 202.130 2.990 * 
S- Signal Type (B) 1 14.641 
AB 4 7.015 
Ss/Groups 50 67.612 
ITT (C) 1 2.937 
AC 4 21.342 5.524 *« 
EC 1 0.001 
ABC 4 1.060 
C X SB/Groups 50 3.863 
Trial Couplet (D) 1 0.120 
AD 4 3.372 
BD 1 0.008 
ABD 4 1.193 
D X Ss/Groups 50 3.533 
Trial (P) 11 114.914 48.040 ** 
AF 44 45.134 18.868 ** 
BP 11 3.462 1.029 
ABP 44 2.253 
P X Ss/Groups 550 2.392 
Trial Flock (G) 2 15.816 3.108 * 
AG 8 23.775 4.672 ** 
BG 2 10.296 2.023 
ABG 8 9.815 1.929 
G X Ss/Groups 100 5.088. 
PG 22 4.284 1.664 « 
APG 44 6.449 2.566 ** 
BPG 22 2.108 
ABPG 44 2.510 
PG X ss/Groups 1100 2.513 
* p< .05 
**p< .01 
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Tests on the Groups x Trial Type x Trial Block interac­
tion shoved significant FE and EF for both Groups 20-0 and 
20-4 (see Figure 9). Contrasted groups were more active on 
S- trials than on S+ trials (i.e., FE); they were more active 
on S- trials on each Trial Block than were their respective 
controls. Group 20-0 was more active than Group 20-4 on S-
trials on Trial Block 2. Group 4 was more active than Group 
20 or Group 0 on S- trials on Blocks 1 and 2. Group 0 was 
more active than Group 20 on S- trials on Block 3. On S+ 
trials. Group 4 vas significantly more active than the other 
groups on Block 1, and was more active than Groups 20-0, 
20-4, and 20 on Blocks 2 and 3. Group 0 was more active than 
Groups 20-0, 20-4, and 20 on Blocks 2 and 3, but did not 
differ from Group 4. Groups 20-0 and 20-4 were less active 
than Group 20 on Block 2. 
Hurdle-jump pata. The mean performance for each group 
on the hurdle jump is presented in Figure 10. Both FE and EF 
occurred for Groups 20-0 and 20-4. Contrasted groups jumped 
faster on S- trials than on S+ trials. Group 20-0 jumped 
faster after S-g trials than after S-^ trials. Group 20-4 
did not differ on S-g and S-^ trials. Control groups did not 
differ on Trial' Types. 
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Figure 9. Activity 3 measures for Groups x Trial Type x 
Trial Block interaction. 
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Figure 10, Hurdle-jump speeds for Groups x Trial Type 
interaction. 
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Group 20-0 and Group 20-4 jumped faster than the three 
control groups on both S-g and S-j^ trials, but did not differ 
from controls on S+ trials. Group 20-0 jumped faster than 
Group 20-4 on S-g trials; the two groups did not differ on S-^ 
or S+ trials. The control groups were not significantly 
different from each other on each Trial Type. 
The Groups x Trial Couplet interaction shoved that 
Groups 20-0 and 20-4 jumped faster on Couplet 2 than on 
Couplet 1. Groups 4 and 0 did not differ on the Trial 
Couplets, but Group 20 jumped slower on Couplet 2 than on 
Couplet 1. 
Tests on the ITI x Trial Couplet x Trial Type interac­
tion showed that jumping on S-^ trials was slower after short 
ITI in Couplet but was faster after short ITI in Couplet 
2. On S- trials, faster jumping occurred after short ITI in 
S 
both couplets, but the effect was significant only in Couplet 
2. No differences occurred on S* trials. 
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DISCUSSION 
The results of this study clearly shov that NCE, PCE, 
and FE (and EF) can be demonstrated in the same s. For the 
contrasted groups, both NCE and PCS occurred in the start 
measure, while FE and EF occurred in the activity measures 
(Trial Blocks 1, 2, and 3) and in the hurdle-jump measure 
(Trial Block U). 
NCE. The data for NCE seen to be consistent with 
Amsel*s (1958, 1962) Frustration hypothesis. According to 
that view, nonreward or reward reduction in the presence of r^ 
for large reward results in frustration, an aversive 
motivational state. NCE can be viewed as reflecting the 
inhibitory function of frustration (Bower, 1961). Several 
aspects of the present study support this position. 
First, NCE did not develop until Trial Block 3. Accord­
ing to Amsel's (1958, 1962) position, is developing in 
both S+ and S- during the early stages of discrimination 
learning; nonreward or reward reduction cannot affect any 
significant amount of Bp until develops in strength. Once 
does exist in strength, Rp occurs in the goalbox on S-
trials. The learned conrponent of Rp, r^, gets conditioned to 
the stimuli present on S- trials; for a time, S-. elicits both 
r^ and r^ (e.g., Ansel 6 ward, 1965) and £s show variable 
performance. Eventually, S- elicits only r^ In the present 
study, the lack of NCE on Trial Blocks 1 and 2 can be inter­
H7 
preted as due to the absence of sufficient to elicit 
avoidance. In fact, the increase in performance of Group 
20-4 on S- trials in Block 2 can be interpreted as indicative 
of the variability produced by conflict. 
Second, greater VCE vas exhibited by Group 20-0 than by 
Group 20-4. in implication of the assumed relationship be­
tween ly and Tf is that the magnitude of RCE should be a 
function of the magnitude of the difference between s* and s-
reward values. The results of the present study support that 
implication. 
Third, MCE was confined to the start section of If 
rf becomes conditioned to the stimuli in S-, then the onset 
of S- cues should immediately elicit r^; the strength of r^ 
should be directly related to the availability of those cues. 
Both Spear and Spitzner (1966) and Ludvigson and Gay (1967) 
found that VCE vas strongest at the point vhere cues 
signalling reward reduction were first available. Similarly, 
Amsel and Ward (1965) proposed that the start measure may be 
more sensitive than run or goal measures in detecting 
frustration-produced inhibition in S-. In the present study, 
S- cues vere initially available in the startbox of A%. On 
S-g trials, S- cues came on .5 seconds after g vas in B^, 
Since this Trial Type vas employed to control for S- frustra­
tion dissipation, HCE vas not expected to occur. 
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FE and 2P. The data from the activity measures and the 
hurdle-jump measure are consistent with Amsel's (1958, 1962) 
hypothesis. Contrasted ga were more active on S- trials than 
on S+ trials (i.e., FE), and were more active on S* trials 
than their respective control gs (i.e., EF). These data sup­
port the view that nonreward- or reward reduction-produced r^ 
results in a motivational state that energizes post-reward 
behavior. Similarly, contrasted §s hurdle-jumped faster on 
S- trials than on S+ trials (i.e., FE), and jumped faster on 
S- trials than did their respective control gs (i.e., EP). 
These data not only support the proposed energizing function 
of r^, but also support the view that r^ is aversive; the re­
moval of r^ cues functioned to maintain a new response. Sim­
ilar data were obtained by Daly (1969). 
The differences in activity between Groups 20-0 and 20-4 
on Trial Blocks 2 and 3 on S- trials suggests a reward magni­
tude effect, and is consistent with a frustration account. 
On S-g trials, S- cues came on after 5 was in 8%; thus, there 
was no opportunity for frustration dissipation (e.g., 
MacKinnon & Imsel, 1964) in The absence of any frustra­
tion dissipation may have made it possible for magnitude 
effects to be manifested. The lack of differences between 
the contrasted groups on S-^, trials could be attributable to 
slight frustration dissipation in A^. The data on NCE show 
that Group 20-0 took longer to get to 6^ than did Group 20-4, 
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thus providing the opportunity for greater frustration 
dissipation. It is possible, then, that differential frus­
tration dissipation in the contrasted groups may have 
obscured magnitude effects on FE and EF. 
The hurdle-jump data also showed that Group 20-0 jumped 
faster than Group 20-4 on S-g trials, but not on S-^ trials. 
Again, the absence of magnitude effects on jumping speeds on 
S- trials may be due to differential opportunity for frus-
L 
tration dissipation. 
The hurdle data is of particular interest relative to a 
suggested relationship between FE (and EF) and PCE. Faster 
hurdle-jump performance on s- trials than on S+ trials 
defines FE, while faster S- jumping for contrasted §s than 
for control defines EF (Daly, 1969). on the other hand, 
>faster escape performance by contrasted Ss after the more 
aversive of two stimuli than by control Ss who always experi­
ence the more aversive stimulus defines PCE (e.g.. Black, 
idamsoDf and Bevan, 1961). Since Frustration Theory (Amsel, 
1958, 1962) assumes that nonreward or nonzero reward reduc­
tion is aversive, faster jumping on S- trials by contrasted 
gs than by control jgs defines EF and PCE, 
Pc^. The results of the present study showed that PCE 
occured in the start measure when S* trials followed S-
trials after a short ITI. Similar data have been obtained by 
McHewitt et al. (1969) and Fox et al. (1970). It is possible 
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that an extension of Rnsel*s (1958, 1962) theory can account 
for runway PCE. Vhen S encounters a reward magnitude smaller 
than the ongoing r^ amplitude, frustration is produced and an 
increment to drive occurs. If an S+ trial follows within a 
brief period of time, S*s level of arousal or drive is in­
creased ai its iias 5± trial begins. Thus, the 
frustration-produced arousal combines with the r^, associated 
with the S* reward magnitude; the result is an increase in 
performance to a level above that of Ss experiencing the S+ ^  
but lacking the frustration-produced increment in arousal. 
Since the frustration-produced increase in drive dissipates 
within 30-U5 seconds (e.g., MacKinnon R Kmsel, 1964), PCE 
would be expected only when S+ trials follow S- trials at 
short ITI. According to this view, PCE, like FE, is indica­
tive of the energizing function of frustrative nonreward or 
nonzero reduction. 
It was hypothesized that if FE and PCE can be accounted 
for by a single explanatory mechanism (i.e., frustration), 
then factors influencing the magnitude of FE should also in­
fluence the magnitude of PCE. For FE to develop in a runway, 
a relatively large number of trials is needed. Barrett, 
Peyser, and NcHose (1965) failed to find FE with only 48 
trials. Peckham and imsel (1967), Krippner, Endsley, and 
Tacker (1967), and Stimmel and Adams (1969) found FE after 
256 trials, 72 trials, and 75 trials, respectively. If PCE 
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is an aspect of FE, then PCE should develop only after a num­
ber of trials sufficient for the development of FE has oc­
curred. The start data of the present study shoved that &3E 
didn't develop until Trial Block 2 (i.e., after 96 trials), 
and was strongest in Trial Block 4. 
The PCE data did not shov differential effects due to 
revard magnitude for contrasted Ss. Reward magnitude differ­
ences did occur in activity FE and EF. In the PCE data. 
Group 20-4 vas nonsignificantly faster than Group 20-0. 
Haltznan (1952) reported that pre-feeding Ss small amounts of 
food facilitates subsequent performance; large amounts of 
food inhibited performance. It may have been that S- trials 
for Group 20-U sensitized subsequent S+ start performance 
after short ITI. 
An alternative explanation, however, centers on the 
nature of the two tasks employed in the present study (i.e., 
activity %. runway performance). Scull (1973) has suggested 
that the double-alley runway may be a more complex situation 
than previously anticipated. The behavior of orienting to a 
startbox door, starting, and running is a relatively long 
instrumental chain, opportunity exists for the development 
of responses that compete with the dependent measure. In the 
present study, a series of events intervened between the 
onset of the frustrative event and the next trial (e.g., ac­
tivity or hurdl«-jumping, handling, etc=). Fox et al. (I97ô) 
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found that these inter-trial events did not eliminate PCE. 
It is possible, however, that such events could obscure mag­
nitude effects. Activity, on the other hand, does not in­
volve an instrumental chain; rather, it measures small 
movements, and may be more sensitive to frustrative effects. 
Even with activity, however, magnitude effects were 
manifested only when the measures immediately followed the 
onset of frustrative cues (i.e., S-g trials). 
The proposed differences in the two tasks may also ac­
count for the development of activity FE and EF on Trial 
Block 1, while PCE in didn't develop until Trial Block 2. 
This analysis gains support from the fact that NCE didn't de­
velop until Trial Block 3. It is possible that Activity FE 
and EF reflect the simple energizing function of frustrative 
nonreward or nonzero reward reduction, while PCE reflects the 
energizing of an instrumental chain. NCE, on the other hand, 
is at least in part dependent upon the existence of the 
learned component of Bp (i.e., c^) in the startbox, and is 
viewed as an approach-avoidance conflict between and r^ 
(Amsel, 1958, 1962). It seems reasonable to assume that 
simple energizing effects would appear earlier than would the 
energizing effects on an instrumental chain, and that both 
would appear before the learned inhibitory tendency appears. 
An interesting effect occurred in activity 1 (see Figure 
7) and activity 2 (see Figure 8). on S» trials on Trial 
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Block 1 and 2 ,  contrasted Ss were significantly less active 
than were large-reward control Ss. This seems to be a 
"reverse EP", and Is functionally a contrast effect. Ho ex­
planation readily suggests Itself. 
Alternative Interpretations of Contrast Effects have 
centered around Adaptation-level (AL) theory (Helson, 1948, 
1964) and Inhibition theory (e.g.. Black, 1968), while alter­
native explanations for FE have been offered by Brown and 
Farber (1951), Leltenberg (1965), and HcHose (1970). 
The AL theory, as applied to conditions of reinforcement 
(Sevan, 1963, Sevan & Adamson, 1960; Helson, 1964), 
emphasizes the stimulus properties of reinforcement events. 
Starting with the assumption that the reinforcement event has 
been differentiated from background stimulation and that g 
averages or pools a series of reinforcements over time, 
Helson (1964) suggested that performance is a joint function 
of the magnitude of the reinforcing event, the difference be­
tween a previously establish#! norm and its agent, and the 
tension level of the organism. Stated another way, the be­
havioral effectiveness of a given reward depends upon the 
perceived magnitudes of that reward. Shifts downward from 
that norm or anchor should result in decreased performance 
directly related to the perceived difference between the 
anchor and the small reward (i.e., NCE), while shifts upward 
should result in increased performance directly related to 
5» 
the perceived increment between the large reward and the 
anchor (i.e., PCE). Although the &L position predicts both 
HCE and PCE, it does not predict that PCE should be dependent 
upon specific temporal relationships. In addition, the 
theory does not predict FE. 
Black (1968) proposed a modification of Spence*s (1936) 
model for discrimination learning to account for contrast 
effects. Spence had assumed that "excitation" (E) vas 
incremented when a response occurred in the presence of a 
particular stimulus and was reinforced. Conversely, an in­
crement in "inhibition" (I) occurred when a response was made 
in the presence of a particular stimulus but was not 
reinforced. The strength of a particular response was 
assumed to be a direct function of the algebraic summation of 
E and I. Black (1968) proposed that any reduction in reward 
from the average or expected value produces an increment in 
I; the Increment is assumed to be proportional to the differ­
ence between the average value of reward experienced in that 
situation and the magnitude of the current reward. Black 
maintained Spence*s absolute interpretation of reward by 
assuming that E is a function of the physical magnitude of 
reward, and is not subject to enhancement or depression 
effects due to contrast. Thus, Black postulated that reward 
contrast leads to the build-up of I in addition to the devel­
opment of an S associated with the smaller reward; that is 
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NCE is predicted. Reward increments should lead to an incre­
ment in E appropriate to the larger reward; thus, shifts from 
small reward to large reward should result in increases in 
performance to a level consistent with that of Ss always re­
ceiving the large reward, but no PCE should occur. The 
results of the present study cannot be predicted from Black's 
position, since PCE occurred. Furthermore, Black's theory 
makes no provision for FE. 
In an attempt to account for FE, Brown and Farber (1951) 
suggested a developmental view. They proposed that, early in 
life, ss learn to respond vigorously to frustration; that is, 
vigorous, aggressive behavior has been frequently reinforced 
in frustrating situations in the S*s past. The only experi­
ment addressed to this proposal (Amsel & Penick, 1962) was 
inconclusive. The position suggests that the onset of 
frustrative cues should elicit vigorous behavior independent 
of the location of those cues. Thus, S- cues in the startbox 
would be expected to elict vigorous responding on S- trials. 
This assumption is in conflict with the data on NCE from the 
present study and from others (e.g., Ludvigson and Gay, 1967; 
Spear B Spitznec, 1966). Independent measures in the 
startbox (e.g., activity) may show support for Brown and 
Farber*s hypothesis. 
Leitenberg (1965) suggested that the FE represents 
escape from frustration rather than increased drive after 
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frustration. The hurdle-jump data from the present study 
supports this view, although the activity data do not. Sig­
nificant FE vas observed in activity measures even though 
such behavior did not allow S to escape the frustrating situ­
ation. In addition, this position makes no provision for 
PCE, although it does predict HCE. 
HcHose (19*'0) proposed that PE is due entirely to 
demotivational effects of reward; rather than viewing per­
formance after S- as enhanced, he views performance on S* as 
depressed. EF is seen as resulting depression in the control 
group due to chronic nonreward or reward reduction. The ac­
tivity data of the present study do not support these assump­
tions. Both small-reward control groups were more active 
than the large-reward control group, yet significant EP oc­
curred. On s* trials, contrasted Ss did show significantly 
less activity than the large-reward control Ss on some Trial 
Blocks, but this effect appears to represent a legitimate 
contrast effect rather than a demotivation effect. While the 
HcHose position does predict NCE, it does not predict PCE. 
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In conclusionr the data from the present experiment in­
dicate that HCE, PCE, and FE (and EF) can be demonstrated 
within a single S. Furthermore, these data appear to be con­
sistent with Amsel's (1958, 1962} Frustration hypothesis. It 
is suggested that NCE reflects the inhibitory function, while 
PCE and FE reflect the energizing function, of frustrative 
nonreward or nonzero reward reduction. 
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